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Background: Minimally invasive hepatectomies (MIH) are being increasingly performed globally for
both benign and malignant disease. The benefits of a minimally invasive approach for hepatectomies are
undisputed, with recent data suggesting comparable long-term outcomes compared to open resections. Since
the first MIH in Singapore in 2004, we have seen the widespread adoption of MIH. In this study, we analyze
the trends of MIH across all major institutions in Singapore.

Methods: A retrospective review of all cases of MIH performed across four institutions were analyzed.
Demographic, clinical and operative data was collected and analyzed.

Results: A total of 718 cases were performed since 2004. There was a yearly increase in the number of
MIH with an inflection point in 2012. In addition, there was an increasing number of major MIH resections
and an increasing proportion of major to minor resections over the years. The most common approach to
MIH was a completely laparoscopic approach (n=626, 87.1%), followed by a robotic approach (n=48, 6.7%)
and subsequently hand assisted (n=23, 3.2%) and lap assisted (n=21, 2.9%) approaches. The most common
indication for surgery was hepatocellular carcinoma (HCC) (n=393, 54.7%). The overall conversion rate was
9.6% (n=69).

Conclusions: Centers in Singapore are performing an increasing number of MIH over the years with an
increasing number of major MIH and complex resections. We expect that MIH will soon be adopted as the

standard of care for liver resections in Singapore.
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Introduction

Laparoscopy was first introduced as a diagnostic tool in the
1960s, with the first laparoscopic cholecystectomy being
performed in 1987. Since then, laparoscopic abdominal
surgery has advanced rapidly to include major and complex
oncological resections (1). While it has been adopted widely
adopted across other major abdominal organ systems,
laparoscopy’s application in hepatobiliary and pancreatic
surgery has only started to see widespread enthusiasm in
recent years. A sharp upward trajectory has been observed
in minimally invasive hepatectomies (MIH) or laparoscopic
liver resections (LLR).

Since the first reported case of MIH for a benign liver
lesion in 1991 performed with a fully laparoscopic approach
(LLR) (2), MIH have become commonplace in liver
resections for both benign and malignant disease and is now
also deployed in living related donor hepatectomies. The
first International Consensus Conference on Laparoscopic
Liver Surgery held in Louisville in 2008 determined
that MIH was safe and effective in selected patients but
recognized that there was a significant learning curve as a
result of the technical difficulties in LLRs, especially that
seen in major resections (3). The second International
Consensus Conference held in Morioka, Japan in 2014
further defined the role of MIH and LLR, specifically
the role of other hybrid techniques such as hand-assisted
laparoscopic surgery (HALS) (4). It also further clarified
the role of major robotic surgery and laparoscopic donor
hepatectomies. The committee found a significant global
spread of MIH to have occurred after the first International
Consensus meeting and with it, an associated decrease in
conversion rates. While minor MIH continues to contribute
the majority of cases of LLR worldwide, there has been a
significant increase in the proportion of major and anatomic
MIH being performed globally in recent years. Current
available reports suggest that the most significant increases
in MIH activities have taken place in East Asia, North
America and Europe (5,6).

The benefits of LLR and other minimally invasive hybrid
methods are undisputed. Well documented benefits of
MIH include reduced intra-operative blood loss and thus
less need for blood transfusions, smaller surgical incisions
with less incision-related complications, shorter duration
of hospitalization and overall enhanced post-operative
recovery (7-11). There is a substantial learning curve in
MIH at an individual as well as at institutional level before
attaining competency and expertise (12-18). As such, early
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adoption of MIH with the gradual introduction of increasing
difficulty will assist in scaling the learning curve proficiently.
A novel difficulty scoring for LLR could potentially help
in shortening the learning curve by predicting procedure
difficulty according to Ban ez 4/. (19,20).

Since 2004, MIH has been gradually adopted in the
major public hospitals in Singapore and we have seen a
rapid upward trajectory of its implementation in the past
few years. In this study, we describe the trends of minimally
invasive hepatectomies in Singapore.

Methods

A retrospective review of all cases of MIH from 4 major
centers performing MIH [Singapore General Hospital
(SGH), National University Hospital (NUH), Changi
General Hospital (CGH) and Ng Teng Fong General
Hospital NTFGH)] between December 2004 and February
2018 was performed. Data from CGH and NTFGH
were collected from the start of their MIH program in
2014 and 2016 respectively. Historical, demographic and
disease related data including the indication for surgery was
collected. Outcome data including the length of hospital
stay (LOS), morbidity and mortality was also collected
and analyzed. An analysis of case distribution between the
4 hospitals and trends in case numbers was performed.
Statistical analysis was performed using IBM SPSS
software version 23 (SPSS, Chicago, IL, USA). Continuous
data was expressed in median values (range) while
categorical data was expressed as number with percentages.

Results

The first case of MIH in Singapore was performed at the
SGH in 2004. The case was a minor wedge resection of
an 18 mm tumour in segment 5 of the liver for diagnostic
purposes which turned out to be a poorly differentiated
metastatic nodule. Subsequently, the first major MIH was
performed at the NUH in 2006, in which a full laparoscopic
right hepatectomy was performed for hepatocellular
carcinoma (HCC). The operative time was 420 minutes
with a total LOS of 8 days. There was no morbidity or
mortality for both of these early cases in Singapore. Since
then, two other centers (CGH and NTFGH) have begun
their MIH programs.

A total of 718 cases across the four institutions from
December 2004 to February 2018 were analyzed. The
increasing trend of MIH cases over the years is shown in
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Figure 1 Trend of total number of MIH across the country. MIH,
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Figure 2 Increases in major and minor resections. MIH, minimally

invasive hepatectomies.

Figure 1. The inflection points of the upward trajectory took
place in year 2012. In addition to the gradual increase in the
absolute number of cases on a yearly basis, we also observed
an increase in the proportion of major MIH annually as
shown in Figure 2. When reviewing all the MIH cases,
major MIH constituted 14% (n=101) while minor resection
accounted for the remaining 86% of LLR cases (n=617).
The distribution of cases across the various institutions is
shown in Figure 3.

The most common modality of surgery was full
laparoscopic LLR (n=626, 87.1%) followed by robotic
MIH (n=48, 6.7%). Hand-assisted approach (n=23, 3.2%)
and laparoscopic-assisted approach (n=21, 2.9%) were
less commonly performed (Figure 4). The distribution of
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Institutional case distribution
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Figure 3 Institutional case distribution. SGH, Singapore General
Hospital; NUH, National University Hospital; CGH, Changi
General Hospital; NTE Ng Teng Fong General Hospital.
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Figure 4 National modality distribution.

various surgical modalities across the 4 institutions is shown
in Figure 5. All cases of robotic surgery were performed at
SGH and CGH. In the laparoscopic group, the overall rate
of conversion was 9.6% (n=69). Of the conversions, 94.2%
(n=65) were converted to an open approach, while 5.8%
(n=4) were converted to a hand assisted approach.

The most common pathology requiring surgery was HCC
which accounted for 54.7% of cases (n=393), followed by
other liver malignancies including colorectal liver metastases
and intrahepatic cholangiocarcinoma (25.9%, n=186) and
benign liver lesions (19.4%, n=139) as shown in Figure 6.
The median operating time was 245 (30-887) minutes, with
a median blood loss of 375 (0-5,000) mLs. The median
length of stay was 4 days, with a maximum reported length of
79 days. The overall 30- and 90-day mortality was 0.3% and
0.7% respectively. Rate of major morbidity (Clavien grade 3
or more) was 5.4% (n=39). Data can be found in Table 1.
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Modality distribution across institutions
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Figure 5 Modality distributions across institutions. SGH, Singapore
General Hospital; NUH, National University Hospital; CGH,
Changi General Hospital; NTE, Ng Teng Fong General Hospital.

Table 1 Operative metrics and outcomes

Operative metrics and overall clinical outcomes Values

Median duration of surgery (min) 245 (30-887)

Median estimated blood loss (mLs) 375 (0-5,000)

Median LOS (days) 4 (1-79)
30-day mortality 2 (0.3%)
90-day mortality 5(0.7%)
Major morbidity (Clavien >2) 39 (5.4%)
Conversion 69 (9.6%)

LOS, length of stay.

Discussion

The laparoscopic approach to major abdominal surgery has
gained worldwide acceptance in the last 3 decades. This has
mainly been driven by improved patient selection coupled
with new advances in laparoscopic instruments, including
laparoscopic energy devices, stapling technologies and
other advances that are essential in performing complex
abdominal operations safely. While the cost effectiveness
of MIH was an early concern in its implementation, recent
data published including the OSLO-Comet study in
colorectal liver metastases have demonstrated that MIH is
a cost-effective method of performing liver resections (21).
We currently await further evidence confirming the other
benefits of MIH, especially since the premature closure of
the ORANGE-II trial due to slow patient recruitment (22).
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Figure 6 Pathology distribution. HCC, hepatocellular carcinoma.

The adoption of laparoscopy in major liver resections has
progressed markedly slower in comparison to other surgical
disciplines such as that in gynaecological and colorectal
surgery. The lack of high-level evidence supporting its
benefit over open resections is likely one of the first major
hurdles. Other possible reasons for slow adoption of MIH
include the technical complexity of liver surgery, the large
variation in technical difficulty across different types of
resections depending on the location of the lesion(s) and
the proximity of the hepatic lesions to major vascular
and biliary structures. Hence, surgeons generally adopt a
graduated approach to MIH where a concerted effort is
made in selecting cases of gradually increasing complexity
and difficulty—such as progressing from a simple wedge
resection in peripheral segments to laparoscopic left lateral
sectionectomy and subsequently to major resections to
ensure patient safety while allowing the operating surgeon
to gain competence (12,18). While the consensus conference
in 2014 declared major hemihepatectomies still as an
innovative procedure (4), the application of laparoscopy to
major resections has become widely practiced in Singapore.
The highest proportion of major MIH is seen in NUH with
24.3% of the cases (42 out of 173 cases) being major MIH. A
recent large series by van der Poel et al suggested a learning
curve of 55 cases for major hemihepatectomies using a
risk-adjusted cumulative sum analysis for conversion (23).
Beyond that, the number of more complex LLRs including
central hepatectomies and extended lobectomies or
trisectionectomies has also increased gradually since
2015 with the first laparoscopic central hepatectomy and
extended left hepatectomy performed in SGH. The first
laparoscopic associating-liver partition and portal ligation
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(ALPSS) was performed in NUH in 2017.

The increasing number of major resections in each
institution in our series has demonstrated the gradual
learning curve and experience collectively, with a sharp
upward trajectory observed in 2012. The MIH program
the CGH started in Nov 2014 with a rapid increase in cases
since, benefiting from the pioneering work from NUH and
SGH and shared experience and collaboration across public
institutions in the country. NTF subsequently followed in
2016 after its opening in 2015. Goh ez al. from the SGH
reported a gradual decrease in conversion over the years
in their series of 400 cases of MIH, with an increasing
proportion of major resections as well as the proportion of
resections in posterosuperior locations (24). Concurrent
data from NUH has demonstrated that despite an increase
in the median difficulty scoring system (DSS) scores over
sequential 5-year periods from 2006-2017, there has been a
significant decrease in conversion rates. As each institution,
and the country as a whole, gains more experience with
MIH we anticipate a further increase in major resections
across all institutions in the coming years.

The most common disease for which MIH was
performed in our series was HCC. A report from NUH
previously reported their results of MIH, showing reduced
blood loss, blood transfusions and shorter hospital LOS in
the MIH group compared to open resections for HCC (25).
However, the same series suggested that the short-term
benefits might have come at the expense of a shorter disease-
free interval. Since then however, larger studies including
a systematic review by Goh er #/. have demonstrated
the oncological equivalence of MIH compared to Open
hepatectomy (7,26-28). Similarly, in colorectal cancer liver
metastases, which was the second most common indication
for surgery, the short-term benefits of MIH have been
repeatedly demonstrated (29). While high level evidence is
still lacking, a number of retrospective series have shown
MIH to have comparable oncological outcomes to open
hepatectomy (30-33). In the Oslo-COMET trial, rates of
R1 resections were comparable between both arms (21). We
await the results of the ongoing ORANGE-II PLUS trial in
supporting MIH in hemihepatectomies.

The limited visualization associated with a lack of
articulated instruments has prompted an enthusiasm in
robotic assistance in hepatic resections, especially given
the technical demands in more complex cases. While
still considered developmental, recent reports have
demonstrated the safety and feasibility of robotic liver
surgery (RLS) both in terms of perioperative outcomes and

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

Page 5 of 8

long-term oncological outcomes (34,35). Furthermore, the
use of a robotic platform has been reported to facilitate
MIH in cases which might be presumed to be too complex
for a pure laparoscopic approach. Wu ez al. reported an
increase in successful MIH from 15% to 44% with robotic
assistance (36). SGH has performed the largest number of
RLS for liver resection followed closely by CGH, which has
utilized RLS early in their learning curve to facilitate their
MIH program. In this way, RLS can be used to facilitate
complex MIH early in a center’s learning curve.

The evidence to date suggests comparable outcomes
with RLS compared to LLR in terms of LOS, RO resection
rate, operative time, morbidity and mortality (37,38). While
certain steps such as retrohepatic caval dissection, portal
dissection and in approaching posterosuperior segments
might be facilitated by the robotic platform, whether this
translates to a difference in clinical outcomes remains to
be seen. Locally, the RLS platform has been used as an
extension of minimally invasive hepatectomy complementary
to a laparoscopic approach. In their early experience, non-
anatomical resections in the difficulty segments have been
facilitated greatly with the RLS platform. The combined
early experience in CGH and SGH showed that RLS is a
safe and feasible minimally invasive technique that can be
applied to complex resections such as that seen in major
hepatectomies, resections in posterosuperior segments and
repeat liver resections with low morbidity and low open
conversion rates (39). Despite that, given Singapore’s publicly
funded healthcare system, the costs with RLS remains a
concern.

While donor safety is of paramount importance in living
donor liver transplantation (LDLT), the hope of reducing
incisions/scars while improving postoperative recovery
has motivated the application of minimally invasive
surgical techniques to donor hepatectomies. Since the
first laparoscopic donor left lateral sectionectomy (LLS)
in 2002 (40), the experience especially in East Asia has
led to tremendous increases in minimally invasive donor
hepatectomies. Laparoscopic donor LLS has now become
commonplace with multiple series reporting its safety,
with an expert panel in 2017 declaring it standard practice
in pediatric LDLT (41-43). The first right lobe donor
hepatectomy was subsequently performed in 2013 (44).
With increasing experience, laparoscopic right lobe donor
hepatectomies have become commonplace in high volume
centres, with a recent report of 115 cases from Lee ez
al. showing low morbidity and no mortalities (45,46).
In their series there were clear differences in outcomes
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with increasing experience, with the authors suggesting
a learning curve of approximately 60 cases a year.
Since November 2017, 3 cases of totally laparoscopic LLS
living donor harvesting have been performed in NUH
without major morbidity or mortality, with one case
requiring graft size reduction intracorporeally as the
recipient was a very small baby. The mean operative time
was 372 minutes. All patients were discharged well.

Conclusions

We believe in the benefits of MIH over open resections
in terms of short and long-term patient and oncological
outcomes. The implementation of a MIH program in
any institution requires meticulous advance planning
and a concerted effort to build capabilities without
compromising patient safety. While we await further
high-level evidence supporting MIH implementation in the
various fields of oncological surgery and transplantation, we
will continue to build each institution’s MIH capability as a
country.
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